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PURPOSE 

To determine the flow cnaracteristics and establish operation and 
installation limitations and capacity curves for various sizes of screw 
lift vertical metergates (Figure I). 

C ONC LUSIONS 

1. .The present commercial metergate design, with the downstream 
prkssure tap located a constant distance of 12 inches from the pipe 
entrance, is not an optimum design for best flow measurement 
accuracy. 

2. The practice of locating the downstream pressure tzp 12 inches 
from the pipe entrance makes each gate size and setting a separate 
problem requiring strict operational limitations o r  individual calibra- 
tion. 

3. The influence of several factors on indicated capacity varyzwidely 
with gate ciee when the 12-inch pressure tap distance is used.* The 
iduence of these factors decre,ases rapidly as  the gate closes from 
the wide-open position and becomes negligible -at about 50 percent 
opening in all cases. i .  y, 1': . 

4. Appropriate and accurate location of pressure taps and accurate 
zeroing of gages and gate opening indicators are important factors 
influencing the flow-measuring accuracy of metergates. 









8. The degree of submergence of the pipe exit does not in itself 
affect the accuracy of a metergate. 

9. With minirnum downstream submergence, the pipe downstream 
from the gate should be at least 7 pipe diameters long to assure that 
the discharge end will run full and at minimum velocity. This 
length is based on the data shown on Figure 25 and assumes a level 
instal.lation. 



be on the iop verticaf center line of the pipe. It is ieast affected 
by pressure distribution changes when placed in this location. The 
pressure tap to the upstream measuring well should be so located 
that it records the true head h~ the cmal  above the metergate 
approacli. 

11. An optimum metergate design that would provide best accuracy t 

without strict limitations or  individual calibration would be one wkich 
had complete geometric similarity including the position of the down- 
stream pressure tap. For best results, the downstream pressure L 

tap of the various gate sizes should be placed at geometrically similar 
locations, preferably where the hydraulic grade is not steep. . 

d The optimum position for the downstream pressure tap is about 3 '3 

from the entrance, where d is the pipe entrance-diameter (Figure 14). 
This location of the tap allows the use of a general coefficient curve 
from which the capacity of any size gate can be determined within a 
reasonable degree of accuracy (perhaps to about plus o r  minus 2 and 
1/2 percent) when the approach walls are approximately distance or z 
greater from the edges of the entrance opening, the sloped floor is 
about G. 17d below the invert of the entrance opening, and the upstream 
submergence is one pipe diameter or  greater. This is particularly 
true i f  the maximum gate opening is limited to about 75 percent. 

The coefficient curve, Figure 20, is based on a tap located at the 
top center line and $ distance from the gate seat, with 8 to 1 flaring 
walls set  distance .from the edges of the opening, a. floor that is ?€ 
0.17d below the bottom of the opening and is on a 2 to 1 slope down- 
ward from the canal to the metergate, and submergences greater 
than 1 diameter above the top of the opening. Values from this ci~rve 
can be used in the equation Q = CdA with the area for the ' 
particular size metergate to prepare discharge tables o r  curves for 
the various sized gates in similar settings. 

12. The rating curves, Figures 27, 29, and 31, are for 'unconfined 
entrances with the tap located on the top center line and 1 2  inches 
from the inlet (standard for present commercial gates). Figures 28, • 

30, and 32 are  for confined entrances similar to that shown on Rg- 
ure 2. 
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on l o d e  18- and 24-inch gates uigd in the study. 

INTRODUCTION 

The problem of accurate and economical measurement of irrigation 
water has become more important in recent years. One of the main 
factors contributing success toward the solution to this problem has 
been the introduction of simpler and more accurate measuring 
devices. Because of i ts  simplicity of design and low maintenance 
cost, the metergate is one of several devices used. The screw lift 
vertical gate (Figures 1 and 2) is one of several metergate designs. 
Flow quantity for a metergate is determined from the pressure 
differential between the canal o r  reservoir frorn which the flow is 
taken and a point within the metergate pipe a short distance down- 
stream from the entrance and regulating gate: 'Two measuring 
wells, one connected to the canal and the other connected to the pipe 
downstream from the gate, are provided for determining the differential 
head. The location of these wells for the metergates tested is .shown 
on Figure 2. The downstream well tap in most commercial gates is 
located 12 inches from the gate seat regardless of size. Since there 
was little information concerning the hydraulic characteristics o r  
limitations of this type of metergaie, a laboratory stu'dy mas initiated 
to evaluate them. Accuracy and capacity of the gate were of par- 
ticular interest. Two sizes of the gate, 18- and 24-inch, were 
tested and the data were used to prepare rating curves and determine 
the hydraulic characteristics of other sizes. A 10-inch transparent 
plastic conduit with numerous piezometers installed along i ts  length 
was used to evaluate the influence of the entrance approach design on 
flow ca-pacity. I/ 

INVESTIGATION 

The Problem 

In order to use the data from metergate test installations to establish 
l imit~t ions of the design and prepare rating curves for the various 
sizes and settings, i t  was necessary to adopt some general method of 
analysis. The following relationship seemed most suitable a d  was 
used throughout the study. 

1/Hydraulic Laboratory Report Hyd-422 "Flow Characteristics in a - 
Pl.peline Downstream from a Square Cornered Entrance. It 
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obtained by passing"the water th<outh a rock b a n e  hi-fie head box. 
The upstream end of the metergate pipe was placed in one side of 
a head box 7 feet wide, 11 feet long, and 10 feet deep with the gate 
~ v e r  the entrance. The downstream end of the conduit terminated 
tn a tail water box 4 feet wide, 6 feet long, and 6 feet deep. A 
hinged gate in the side of the tail water box opposite the pipe exit 
provided a means of varying the downstream submergence chang- 
ing the hydraulic grade in the pipe. 

~iezomeiler taps were placed in the crown of the pipe at  different 
distances from the gate seat to record the pressure gradient in the 
pipe and to provide a means of applying the data to other gate sizes. 
The pressure taps were confined to the crown of the pipe because this 
location had been determined to be the most desirable in previous 
metergate tests. Rubber tubing connected the taps to glass tubes 
mounted on a manometer board which was graduated in 0.01 -foot 
increments. Carborundum disks inserted in short plastic cylinders, 
3/4-inch inside diameter, were used in some of the piezometer lines 
to dampen pressure fluctuations and permit more accurate reading 
of the average pressures. In field installations, a 3/4-inch pipe 
connects to a 10-inch-diameter well; thus, a fairly constant average 
pressure will be expected. 

Test Procedure 

The laboratory tests were made over a range of differential heads 
of from 2 to 48 inches. The hydraulic gradient in the pipe was 
controlled by the hinged gate in the tail box to give readable water 
depths in the downstream measuring well. 

The 18- and 24-inch gates were tested for every 2-inch increment of 
gate opening. The 24-inch gate installation is shown on Figure 4A. 
The gate position indicator is shown on Figure 4B. A section of trans- 
parent pipe was placed immediately downstream from the 24-inch 
gate so that.flow conditions in the pipe below the gate could be observed. 
Smooth pipe was used downstream from-the test gates. 

Influence of Gate Desiqn on Capacity 

The main difference in metergate capacity due to gate design occurs at 
partial openings and results from the shape of the gate (whether the 
leaf is circular o r  has a square bottom). Some influence is also 
introduced by the configuration and rslative sizes of the structural 
members of the gate framing and the gate seat casting. For a given 
head differential, the gate with a circular leaf vrrill discharge about 
twice as much water at 20 percent gate opening as a gate with a square 



l~Ausfluss, Curchfluss, Strahlreaktion and Strahldruck in neuer 
Betrachtung" (Discharge, Underflow, Jet Propulsion and Jet 
Forces from a New Viewpoint) by Von Theodor Musterle, Die 
Wasserwirtschaft, September 1960. 







inflGence becomes negligible when the gate is about 75 percent 
open. 

The effect of the upstream submergence was indicated first by log 
plots of AH against discharge for various openings of the test  
gates. These plots gave straight lines for the higher values of 
AH, and a variable deviation from a straight line at small values 
of AH and Hs, particularly at large gate openings. An investigation 
made to learn the cause of this deviation showed that for the small 
values of AH and Hs, the value of AH could be changed by merely 
changing Hs, when the discharge was kept constant. In other words, 
the same discharge could occur at different values of AH, depend- 
ing on the value of Hs when Hs was small. From this investigation, 
i t  was concluded that for small submergences of the metergate inlet 
and large gate openirrgs the amount of submergence influenced the 
discharge coefficient. 

Sincz the equation Q = Cd 9 V-H was used in this case the Q, 
Cd, and AH were the only variables, any change in AH at a con- 
stant discharge must result in a change in Cd. It was found that 
as Hs was increased in the range Hs l e s s  than d, the deviation of 
the plot from a straight line decreased and became negligible when 
Hs was equal to o r  greater than d. The deviation was more notice- 
able on the 24-inch than on the 18-inch gate because of the difference 
in location of the taps for the downstream measuring wells. The 
distance was 12 inches in each case, which placed the taps a t  rela- 
tively different locations on the pressure grade lines. Measuring 
well taps placed at the same relative locations on the pressure 
grade lines of the various sizes should give comparable deviations. 
Placing the taps at distances which would give a constant value of 5 
for all sizes of gates would fulf i l l  the condition. The influence d 
of submergence on Cd for  the 24-inch gate is shown on Figure 6. 
A more .recent research study of this phenomenon made on a 10-inch . 
pipe showed the same characteristics. Tests were made for numer- 
ous degrees of submergence for three different discharges. A plot 
of the data that includes the influence from both submergence and 
velocity is shown on Figure 7. These data indicated that the influ- 
ence of upstream submergence was negligible for submergences 
greater than about 1 pipe diameter above the entrance crown, that 
the influence was appreciable at submergences less  than 1. Od, and 
that the velocity (viscous) influence was minor. 

The plots on f igures  8, 9, 10, and 11 show that the location of the 
pressure tap for the downstream measuring well influences the 
nature of the coefficient curve in the region of low submergence, 
This, in part, explains why the effect of submergence varied with 
metergate size. 
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1. bd, against the r6lative positizn of the dowhstre&.pressure tap 
disclosed several interesting facts (Figure 5). One of the most 
important of these is that good agreement in capacity and pressure 
characteristics can be obtained only when the various size installa- 
tions are  geometrically similar. The solid lines of the graph show 
the variation in Cd for various tap positions with only the walls and 
floor of the head boxes forming the approach to the entrances of the 
10-inch pipe and 18- and 24-inch metergates. There are several 
physical differences which contribute to the variations in the curves 
for the separate installations. First, the entrances varied; secondly, 
the relative distance of the sidewalls from the edges of the entrance 
openings varied; and thirdly, the relative distances of the floors 
from the bottom edges of the entrance openings varied. These phys- 
ical differences are discussed below. 

The structural angles and other physical features of the 24-inch gate 
in the vicinity of the entrance were not. geometrically similar to those 
on the 18-inch gate and, of course, did not represent the unobstructed 
sharp entrance of the 10-inch pipe. Also, the metergate entrances 
were of nominal dimensions of 18 and 24 inches, while the 10-inch 
pipe entrance was an exact measured dimension. 

The sidewalls of the head boxes were about 3, 3, and 2.25 pipe 
diameters from the edges of the openings of the lo-, 18-, and 24- 
inch installations, respectively. This factor, however, proved to 
be minor when negligible change in the coefficient was observed on 
the 10-inch pipe and 18-inch metergate when walls were placed within 
the boxes and 1 diameter from the edges of the entrances, and only 
slight changes resulted for walls placed as close as 1/4 diameter. 

The floors of the head boxes were 1.2, 1.0, and 0.6 diameters below 
the inverts of the entrances for the lo-, 18-, and 24-inch installa- 
tions. Comparison of the data used to plot the curves of Figure 5 shows 
that the floor position may affect the coefficient considerably. In fact, 
the agreement of the data from the 10- and 24-inch. installations is 
quite good when the floors and walls were arranged geometrically 
similar (sloped floor 0.17 d below invert and 8 to 1 flaring walls at 
from edges of entrance) even though the configurations of the headw&s 
near the entrances were quite different (dotted lines, Figure 5 and 
Figure 20). The headwall for the 10-inch pipe was flat and smooth, 
while that for the 24-inch gate contained the support angles, seat 
casting, bolts, and gate. It. is reasonable to conclude that very 
close agreement would result for all sizes in which good geometric 
similarity of the entrances exists. The foregoing discussion is 
limited to the case where tne pipe entrances have submergences ,, 
greater than 1. Od above their crowns. 



12 inches from the entrance, showed little influence /from the approach 
walls when the submergence was greater than about 1. Od, but showed 
considerable influence from the floor position (Figure 15). The tests 
also showed considerable influence from both the wall and floor posi- 
tions for submergences less  ;than 1. Oil. 

The influence of the wall and floor positions at submergencss greater 
than 1. Od, particularly the floor position, varied with the positioning 
of the downstream pressure tap (measuring well), (Figure 14). Tests 
on the 18-inch metergate showed little influence from the walls for the -- 
one floor position tested (Figure 13). The floor arrangement 2.1 this 
case was not geometrically similar to any tested on either the 10- 
o r  24-inch installations. The maximum wall influence for all posi- 
tions of the downstream pressure tap and two floor arrangements in 
tests on the 10-inch pipe entrance was about 3 percent, while the maxi- 
mum influence of the two floor arrangements for various positions of 
the walls and d~wnstream pressure tap was about 10 percent (Figure 14). 
From the data on Figure 14, it is concluded that the influence of wall 
and floor ositions can be minimized by placing the downstream pres- 
sure tap a f r o m  the entrance near the lowest part of the hydraulic grade 3 
and providing submergences greater than d. Results were most 
inconsistent and the influence was most pronounced when the pressure 
tap was located on the steep portion of the pressure gradient from 
0.4d to 1. 5d from the entrance. The data also show that a minimum 
er ro r  in determining gate discharge at large gate openings (100 per- 
cent open in this case) will be realized for a wall position of d from 

i d the edges of the entrance and a downstream pressure tap loca ion of 
The influence of approach floor elevation is also a m i n i m u .  The 
maximurn scatter of individual test points with this arrangement was 
approximately plus o r  minus 2 and 1/2 percent. 

From the information and data presented above, i t  is concluded that 
a constant discharge coefficient of 0.61 can be used for 100 percent 
opening for all metergates which are geometrically similar and are 
contained in geometrically similar settings as shown in Figure 12, 
when the dawnstream pressure tap is a distance of f from the entrance 
and the entrance submergence is d o r  greater. 

Placing the downstream pressure tap a constant distance of 12 inches 
from the entrance and the use of submergences less  than d make each 
installation and size a special problem and may necessitate special . 
in-place calibration in cases which differ appreciably from the tested 
arrangements. ,, The influence of the various factors decreases 
rapidly as the .Gate leaf is closed from the wide-open position, becom- 
ing minor at about 75 percent gate opening. (Figures 13 and 16). 



The tests on the different size gates disclosed that submergence of 
the downstream end of the discharge pipe'(hs, Figure 3) would be 
an important factor in providing a measurable water surface eleva- 
tion in the downstream measuring well. Because of structural 
limitations, i t  was assumed that the water surface within the down- 
stream measuring well should be at least 6 inches above the inside 
surface at the crown of the pipe. The submergence needed to give 
this condition a,t various ga.te openings varied according to a pres- 
sure factor AH (Figures 17, 18, and 19). The plots of this factor HD 
against gate opening show that the greatest submerge~ice of the 
downstream end of the discharge pipe is needed for gate openings 
between 60 and 80 percent. The outlet submergence required to 
give a measurable water surface in the downstream well is influenced 
by the position of the pressure tap along the hydraulic grade line. 
With all taps 12 inches downstream from the gate seat, relatively 
greater submergence is required for the largsr  gate sizes. Eow- 
ever, the difference is small. 

Since ED is the difference between the pressure head upstream from 
the gate and the maximum pressure head in the pipe below the gate, 
the frictional resistance of the downstream pipe, particularly i f  the 
pipe is long, and the elevation of the center line both at the gate and 
at the pipe exit, are important factors to be considered. For a given 
gate size and discharge, the maximum value of AH and the minimum 
value of hs (downstream submergence) can be computed to give a 
downstream measuring well water surface 6 inches above the crown 
of the pipe at the measuring well connection. This is illustrated in 
Figure 26. 

Influence of Velocity 

In the tests on metergates there was an indication that flows at very 
low velocities affected the capacity of the metergate when it  was 
operating at  large openings. The effect of velocity, o r  variation 
with Reynolds number, however, could not be isolated using the data 
taken. By exercising extreme care in obtaining the pertinent data in 
a more recent study concerning the pressure distribution in a 10- 
inch pipe entrance placed flush with a headwall, L/ i t  was possible to 
isolate the effect of low velocities for small submergences and large 
gate openings. The influence was noticeable at very low values of Re 
only, in this case below about 2.0 x 105 for the unobstructed entrance. 
The influence of Re would vary some with downstream pressure tap 
location, but would be minor in any case. 

lJHydraulic Laboratory Report Hyd-422, "Flow Characteristics in 
a Pipeline Downstream from a Square Cornered Entrance. I f  



The nature of the pressure ;grade line in the crown of the pipe line o 
immediately downstream 6f a metergate leaf results in a change in 
differential head, AH, wi'th location of the downstream* pressure 6:-.11 
tap. This is particularly true for large gate 'openings. With the I/ q,, 

F 1- 
pressure tap located 12 inches from the gate seatsfor all sizes of 
gates, i t  is not possible to make a direct comparison of the coeffi- 
cient curves for the v/$rious sizes. However, with taps placed. at 
relative positions along the pressure' grade lines (at same value of 
, a comparison can/be made. The variation of the discharge coeffi- 
clent with tap positionI for a 10-inch pipe, and 18- iyh gate, and 'a 
24-inch gate for variclius openings is shown on Figures 20, 21, ' 22, 
and 23. The comqarison of the coefficient curves for the 18- and 
24-inch gates based on pressure taps placed at the $'same $ value is 
shown also. There iit good agreement considering $he various 
differences in the test installations. Excellent agreement was noted, 

13 were between the 24-inch g'ate ancl the 10-inch pipe when:the settingl- 
geometrically similar: ( Figure 20). Calibration curves for one gate 
may be applied to another only the pressure taps have the same 
relative locations (sad? value From these dcita, i t  is evi- 
dent that the differentid,head, the coefficient of discharge, 
varies with pressure tap'?iocation. Therefor, i t  is i~?iportant that 
calibration curves o r  tabl'ks be based on the particular tap location . 
for the gate in question. *P I 

( 5  

The data from the 10-inch entrance indicated that the positioning 
of the downstream pressure kap for the measuring well is extremely 
important when the distance krom the entrance to the tap is from 
about 0.4 to 1. 5 pipe diamete-rs. In this range, the tap will be in the 
region where the hydraulic grkde lin'2 is steep and a;small  misloca- 
tion can introduce a substantial- difference in presswe head and 

Y er ro r  in indicated discharge. ,' 
)'$< 

Locating the tap for the downstreal? head-measuring' well a constant 
distance of 12 inches from the entrance for all  gate sizes places them 
at different relative positions along tEe hydraulic grade line. This 
in effect makes a special problem for ebch size. For example, an 
8-inch gate will haee a tap position 1.5d from the entrance with a 
coefficient for M i  opening of about 0.80, a 24-inch gate wil l  hay2 
.a tap position 0. 5d from the entrance on the steep part of the 
hydraulic grade line with a coefficient of about 0.65, and a 48-inch ' 

gate will have a tap position O.25d from the entrances on a fairly 
flat portion of the hydraulic grade line with a coefficient of .about 
0.60. The exact.location of the tap would be less  critical for the 
8- and 48-inch size tlian the 24-inch size. With the constant ta.p 
distance of 12 inches, the coefficient will vary with nnetergate size 



he placed at a geometrically similar position, such as $ for all sizes. 
The position chosen should be that which would be least affected by 
the physical characteristics of the entrance. It was 'concluded that 
locating the downstream tap at $ wo6l.d~accomplish this. The differ- 
ential head :for this location would be about the maxiinum, more 
accurate readings would be expected. While tap positions beyond 
about 1. 5d .would give fairly constani; values of the discharge coefficient, 
the differential head for a given disc.harge, would be la,. minimum and 
less  accllracy for small d i ~ c h a f . ~ e s  would be expected. In either case, 
i t  is believed that one coefficient curve could be used for all sizes of 
gates provided the entrances have, reasonably close'.geometrical' simi- 
larity, the tap is located at  a constant relative distance from the: 
entrance, 'and the upstream submergence is maintdne3;greater than 
about 1. Od above the top of the entrance. A plot of,'&!i ,values of the 

Cd i \ %  

ratio - against submergence in terms of d for the 1'3-inch pipe 
Ca 

entrance with various wall and floor 'distances is shown on Figure 24. 
The plot shows that nearly all points f a l l  within plus o r  minus 2 and 
1/2 percent for upstream submergences greater than d above the top 
of the entrance and a tap distance of x = The same.is  true for simi- 5' 
lar data taken from the 18- and 24-inch metergates (Figures 8, 9, 10, 
and 11). 

Point of :Pressure Recovery Downstream of Gate ; 

It is important that an installation have sufficient pipe length below 
the gate to prevent drawing the water o~l t  of the do~mstream measuring 
well at partial gate openings and to minimize erosion when the Vr;-ttter 
is released into an earthen ditch. For a given average velocity, the 
erosion of an earthen ditch will be a minimum when the velocity leaving 
the end clf the pipe is uniform. Such a uniform distribution is not 
attained until the point of pressure recovery on the hydraulic grade 
line is reached. The point of pressure recovery was noted for various 
openings and d i s c h a r ~ ~ s  for both tne 18- and the 24-inch gates. From 
the resu1.t~ shown on &*re 25, it was concluded that 7 pipe diameters 
could be used as a criterion. This is in good agreement with similar 
data obtained previously for metergates with circular leaves. The 
plotted poipts in both cases were based on interpolation of piezo- 
metric data and thus the curves are not as smooth as  might be expected. 

Installation Instructions 

A typical metergate installation, which will meet discharge require- 
ments and have all operating characteristics within the limitations 
indicated from these studies, can be determined from Figure 26. 
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Figure 4 
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A. 24-inch laboratory test installation 

B. Gate opening indicator 

Screw Lift Vertical Metergates 
Laboratory Test Facility 



..--Measuring well 

Y - - - 

10-inch pipe entrance, porallel walls a t  3.0d, f l o t  f l oo r  a t  1.2d 
b 10-inch pipe entrance, 8:l flaring walls at d/4,2:1 sloped floor at 0.17d 
* 10-inch pipe entrance, 8:l flaring walls a t  d/4, f lo t  f loor  a t  1.2d 
9 10-inch pipe entrance, 8:1 flaring walls at d/2, f la t  f loor  a t  1.2d 

-0 lo-inch pipe entrance, 8:1 flaring walls o t  d , f l o t  f loor a t  1.2d 
o 18-inch metergate, parallel walls a t  3.0d, f l a t  f loor o t  I.Od 

18-inch metergate, 8:1 floring walls at dh ,f l o t  f loor  a t  I.Od 
p 18-inch metergate, 8:l flaring walls a t  'e3, f l o t  f loor  a t  I.0d 

-0 18-inch metergote, 8:l flaring walls at d , f l o t  f loor  a t  I.Od 
A 2einch metergate, parallel walls a t  2Y4d, f l o t  f loor  a t  0.63d 
A 24-inch metergate,8.1 floring walls a t  d/4, sloped f loor a t  0.17d 
36 24-inch circular leaf metergate, parallel walls at 2 lkd , f l a t  f loor ot 0.63d 
X 24-inch circular leaf metergate, 8:l floring walls ot d/4, sloped floor a t  0.17d 
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